In this letter we analyze the consequences, for the LHC, of gauge and third family Yukawa coupling unification with a particular set of boundary conditions defined at the GUT scale, which we characterize as effective "mirage" mediation. We perform a global χ 2 analysis including the
Gauge coupling unification in supersymmetric grand unified theories (SUSY GUTs) [1] [2] [3] [4] [5] [6] provides an experimental hint for low energy SUSY. However, it does not significantly constrain the spectrum of supersymmetric particles. On the other hand, it has been observed that Yukawa coupling unification for the third generation of quarks and leptons in models, such as SO (10) or SU(4) c × SU(2) L × SU(2) R , can place significant constraints on the SUSY spectrum in order to fit the top, bottom and tau masses [7] [8] [9] [10] [11] . These constraints depend on the particular boundary conditions for sparticle masses chosen at the GUT scale (see for example, [9, [12] [13] [14] , which consider different GUT scale boundary conditions). In this letter we consider effective "mirage" mediation boundary conditions and show that they are consistent with gauge and Yukawa coupling unification with a dramatically different low energy SUSY spectrum. The GUT scale boundary conditions are given by an effective "mirage" pattern with gaugino masses defined in terms of two parameters, M 1/2 an overall mass scale and α the ratio of the anomaly mediation to gravity mediation contribution [15] [16] [17] [18] . Scalar masses are given in terms of m 16 (for squarks and sleptons) and m 10 (for Higgs doublets). In addition, the H u and H d masses are split, either with "Just-So" splitting or with a U(1) D-term which affects all scalar masses. Note, as in Ref. [18] , we allow for several origins of SUSY breaking. For example, the dilaton and conformal compensator fields break SUSY at a scale of order M 1/2 , while the dominant contribution to SUSY breaking is at a scale of order m 3/2 ≥ m 16 ≈ m 10 . We fit the low energy observables,
and M h in terms of 12 arbitrary parameters. The low energy sparticle spectrum is imminently amenable to testing at the LHC. Two benchmark points are contained in Table III .
Fermion masses and quark mixing angles are manifestly hierarchical. The simplest way to describe this hierarchy is with Yukawa matrices which are also hierarchical. Moreover the most natural way to obtain the hierarchy is in terms of effective higher dimension operators of the form W ⊃ λ 16 3 10 16 3 + 16 3 10 45
This version of SO(10) models has the nice features that it only requires small representations of SO (10) , has many predictions and can, in principle, find an UV completion in string theory. The only renormalizable term in W is λ 16 3 10 16 3 which gives Yukawa coupling
at M GU T . Note, one cannot predict the top mass due to large SUSY threshold corrections to the bottom and tau masses, as shown in [19] [20] [21] . These corrections are of the form
So instead we use Yukawa unification to predict the soft SUSY breaking masses. In order to fit the data, we need
We take µ < 0, Mg > 0. For a short list of references on this subject, see [7] [8] [9] [10] [11] [22] [23] [24] [25] [26] [27] .
We assume the following GUT scale boundary conditions, namely a universal squark and slepton mass parameter, m 16 , universal cubic scalar parameter, A 0 , "mirage" mediation gaugino masses,
(where M 1/2 and α are free parameters and b i = (33/5, 1, −3) for i = 1, 2, 3). Note, this expression is equivalent to the gaugino masses defined in [28] . α in the above expression is related to the ρ in Ref. [18] as:
. We consider two different cases for non-universal Higgs masses [NUHM] with "just so" Higgs splitting
or, D-term Higgs splitting, where, in addition, squark and slepton masses are given by
with the U(1) D-term, D, and SU(5) invariant charges, Q a . Note, we take µ, M 1/2 < 0.
Thus for α ≥ 4 we have This forces A 0 to be large.
We perform a global χ 2 analysis varying the parameters in Table I used to calculate the total χ 2 function in terms of all the observables given in Table II defined at the electroweak scale as discussed in Ref. [14] . We minimize the χ 2 function using the Minuit package maintained by CERN [29] . Note that Minuit is not guaranteed to find the global minimum, but will in most cases converge on a local one. For that reason, we iterate O(100) times the minimization procedure for each set of input parameters, and in each step we take a different initial guess for the minimum (required by Minuit) so that we have a fair chance of finding the true minimum. We realize that the system is under-constrained and thus we obtain values of χ 2 1. For this reason, it is not possible to define a goodness of fit or
However, in Fig. 1 , we fix certain parameters such that we have 2 degrees of freedom, and plot contours of χ 2 /dof = 1, 2.3, 3 corresponding to 95%, 90%, and 68% CLs, respectively.
One could also add more observables to the fit and this is possible when one considers a three family model, which is the subject of an ongoing study. The additional parameters determining fermion masses, mixing angles and flavor observables for the first two families introduce more degrees of freedom (as discussed previously in Ref. [14] with different GUT scale boundary conditions), but they do not significantly affect the SUSY spectrum.
Consider first the SUSY spectrum in our analysis. Two benchmark points are given in Table III In addition, gluinos are always lighter than the third family squarks and sleptons, and the lightest charginos and neutralinos are even lighter. Fig.1 shows that the gluino mass increases as α increases and we are able to find good fits for gluino masses up to at least 3
TeV. In models with universal gaugino masses, however, it was found that for fixed values of m 16 , there is an upper bound on the gluino mass [14] , which is not the case here. Note, CMS and ATLAS have used simplified models to place lower bounds on the gluino mass.
However the allowed decay modes for our model, as presented below, do not in any way resemble any simplified model. Preliminary analysis, Ref. [34] , shows that with such decay branching fractions the bounds coming from published LHC data are at least 20% lower than Table III we include the running masses for the chargino and neutralino and the dominant one-loop contribution to the mass splitting, ∆M [35] . Thus the chargino signature at the LHC is dominated by the decayχ + →χ 0 + π + [36] . This typically results in a disappearing charged track since the pion would carry too little energy. The present limits from ATLAS are not very constraining [37] . Our LSP is a wino-like neutralino. As a result, the thermal abundance of the LSP (obtained using micrOMEGA 2.4 [38] ) is of order 10 −5 due to the large annihilation cross-section to W + W − , i.e. too small for dark matter. However, nonthermal production of wino dark matter can give the correct abundance [39] [40] [41] [42] . Finally, for the two benchmark points, the dominant decay modes for the gluino are (calculated using
Sdecay [43])
• for "Just-so" Higgs splitting -(63% →χ 0 g ; 28% →χ + bt +χ − tb and 8% →χ 0 tt)
• and for D-term splitting -(76% →χ + bt +χ − tb; 14% →χ 0 tt; 3.5% →χ 0 bb, and the rest to light quarks or gluons).
Note, in the case of "Just-so" Higgs splitting, stops are the lightest sfermion, while in the case of D-term splitting, sbottoms are lighter. In addition, at low energies, A t , A b are small and thus we have small left-right mixing. These affect the gluino decay branching ratios.
Finally, since both µ, M 2 and M 1 are negative we obtain the correct sign for the SUSY correction to (g − 2) µ , however, in practice, our sleptons are too heavy to give a good fit, and therefore (g −2) µ is not included in the χ 2 function. This does not agree with the results of Badziak et al., Ref. [13] who are able to fit (g − 2) µ , with non-universal gaugino masses and Yukawa unification. Unfortunately the sparticle spectrum obtained in their paper is now ruled out by LHC Higgs data [44] . In Tables IV and V we With regards to GUT scale parameters, we find α ≈ 12 which corresponds to approximately equal dilaton and anomaly mediated contributions to gaugino masses. We also find
in the case of D-term splitting or precise gauge coupling unification [45] .
In conclusion, we have performed a global χ 2 analysis of an SO(10) SUSY GUT with gauge coupling unification and top, bottom, τ , ν τ Yukawa unification at M GU T . We have analyzed the model for the third family alone. We have shown that the SUSY spectrum is predominantly determined by fitting the third family and light Higgs masses and the branching ratio BR(B s → µ + µ − ).
A generic prediction of third family Yukawa unification is that we have tan β ≈ 50. In addition, in order to fit the branching ratio BR(B s → µ + µ − ) we find the CP odd Higgs mass, m A M Z . Hence we are in the decoupling limit and the light Higgs is predicted to be Standard Model-like. Our model, makes several additional predictions which are unique to the effective "mirage" mediation boundary conditions.
• The first and second family of squarks and sleptons obtain mass of order m 16 , while the third family scalars are naturally about a factor of 2 lighter. Gluinos and the lightest chargino and neutralino are always lighter than the third family squarks and sleptons. We also find that there is no upper bound on the gluino mass
• Our LSP is predominantly wino and thus assuming a thermal calculation of the relic abundance, we find Ωχ0
•χ • For the two benchmark points, 
